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Solid electrolyte has been intensively applied to kinds of fields, such as new type
of solid cells, ionic conduction sensors, solar cells and so on. Among them, the
application of solid electrolyte in lithium ion batteries (LIBs) is very important, due to
the safety issue. Now, the mostly researched solid electrolyte thin film is the
amorphous LiPON, which presents the ionic conductivity as high as 1×10-6 ~ 3×10-6
S/cm. The addition of nitrogen into lithium phosphate (Li3PO4) has been proved to
effectively improve the ionic conductivity of lithium phosphate itself (~10-18 S/cm).
Recently, germanium (Ge) and sulfur (S) elements have been introduced into some
solid electrolytes, which are in powders, and present promising electrochemical
properties. Based on those previous works, this thesis focuses on the preparation of
lithium phosphate-based electrolyte by compositing with different materials
employing radio-frequency (RF) magnetron sputtering method. Systematical
characterizations and in-depth analysis were performed to investigate the improved
ionic conductivity in the composite solid electrolyte thin films and the corresponding
mechanisms. This work also provides lays a foundation for the future work on
fabricating all solid LIBs. The main contents are as the following:
Firstly, the sandwiched thin film solid electrolyte structures were proposed and
fabricated with different thickness of Ge layers, so called Li3PO4/Ge, by alternately
sputtering Li3PO4 and Ge targets in the RF magnetron sputtering system. By
regulating the thickness of Ge layers, the solid electrolytes exhibit different
electrochemical properties with the relatively excellent electrochemical properties
achieved in the sturcture with the optimized Ge thickness of 20 nm. The maximum
ionic conductivity of 1.5×10-6 S/cm accompanied with the ion transport number of
99.97% and the stable voltage window up to 5 V has been accomplished in this
sandwiched Li3PO4/Ge thin film solid electrolyte. Meamwhile, the time stability and
temperature stability were also well maintained. The SEM (scanning electron
microscopy) and XRD (X-ray diffraction) were empoyed to characterize the














photoelectron spectra) results reveal that in the composited thin film solid electrolyte,
the Ge atoms may have interactions with Li atoms and P atoms, which results in the
quick ionic conduction. In conclusion summary, this work initially demonstrates that
the introdection of Ge instead of the commonly used N in Li3PO4-based thin film
solid elctrolyte could also improve the ionic conductivity in the composite electrolyte.
This process can be extended to sputter other targets, thus realizing the compositon
from different materials. The alternative sputtering-several-target process in this work
also provids a new view for fabricating thin film solid electrolytes, anode materials
and all solid state LIBs in the future.
Secondly, the composited Li3PO4/GeS2 solid electrolyte has been fabricated by
alternately sputtering Li3PO4 and germanium sulfide (GeS2) targets. The SEM images
show that the Li3PO4/GeS2 solid electrolyte is not sandwiched configuration, while,
the XRD patterns indicate that the thin film solid electrolyte is amorphous.
Alternating current (AC) impedance, direct current (DC) polarization and cyclic
voltammograms (CV) testing were further employed to investigate the
electrochemical properties of the composite electrolyte. And further XPS
characterizations evidence that the composition of germanium and sulfide nearly do
not exist in the as-produced thin films. This demonstrates that the GeS2 was not fully
involved in the preparation of the thin films during the sputtering process. Meanwhile,
the surface state of the GeS2 target itself after sputtering under nitrogen atmosphere
was studied also, in order to verigy the compatibility of GeS2 with the solid
electrolyte thin film.
Thirdly, two kinds of Li3PO4 thin films were sputtering deposited and
investigated in the morphologies and molecular structure. The results indicate that the
content of nitrogen element increases with the sputteing time goes. And the molecular
structures are more likely in the form of model 1 (with double bond between N and P)
than that in the model 2 (only single bond between N and P).
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动设备供能体系的需求，然而，直到 1990 年，日本的 Nagoura 等人研制出以
以 LiCoO2为正极的锂离子二次电池，才使得锂离子电池进入突飞猛进的发展历
程；1991 年，Sony 能源公司与电池部联合开发出了以聚糖醇热解碳(PFA)为负















































































(1) 能量密度高（180 Wh/kg），是同等质量下 Ni-Cd电池的三倍，Ni-MH
电池的 1.5倍；
(2) 工作电压高（3.6 V），而 Ni-Cd和 Ni-MH电池只有 1.2 V；
(3) 没有记忆效应，充放电可随意进行，而且不影响其容量和循环寿命；
(4) 自放电小，储存寿命长，其月自放电率为 2% ~ 3%，远低于 Ni-Cd和
Ni-MH电池（都大于 20%）；
(5) 循环寿命长，综合性价比高；
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